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1. Comparison of the silicon multiphoton luminescence driven by resonant 33 

MD and ED excitations 34 

Since both the magnetic and electric excitations in a single Si nanoparticle can generate confined 35 

electric near-fields for enhancing the silicon MPL, it is thus crucial to determine which excitation 36 

is more efficient. To this end, we simulate the MPL excitation rates of two silicon nanoparticles 37 

having either MD or ED resonance at the same wavelength. For simplicity in analysis, we remove 38 

the silica substrate present in the experiment. Accordingly, the MD (ED) nanoparticle radius is set 39 

as 𝑟𝑟1 = 92 (𝑟𝑟2 = 122 nm) to have a MD (ED) resonance matching the excitation wavelength of 40 

720 nm. Fig. S1c shows spectrally resolved TPL excitation rates calculated for the two silicon 41 

nanoparticles, with a plane wave as the excitation field. The results show that the MD nanoparticle 42 



exhibits an excitation rate maximum at the MD resonance whereas the excitation rate of the ED 43 

nanoparticle is not peaked at the same wavelength (although its ED mode is resonantly excited). 44 

Instead, its excitation rate maximum appears near the MQ resonance, yet with a significantly 45 

reduced magnitude with respect to that of the MD nanoparticle. To shed more light on these 46 

observations, the two silicon nanoparticles are interrogated with a focused AP beam at the 47 

resonance wavelength 720 nm. Fig. S1a schematically illustrates the focal electric field of the AP 48 

beam. When a silicon nanoparticle moves from the central site to the beam edge, the 49 

electromagnetic excitation it experiences transits from a pure magnetic type to a pure electric one. 50 

Fig. S1b displays the evolving electric near-field intensity distributions simulated for the two 51 

silicon nanoparticles: the field intensities of the MD nanoparticle are found to be the strongest at 52 

the beam center site where its MD mode is resonantly excited, whereas that for the ED particle 53 

only becomes significant when the particle enters the outer ring-shaped area where electric fields 54 

are non-vanishing. Importantly, compared to the ED excitation, the MD excitation induced electric 55 

fields are more tightly confined in the MD particle volume, thus leading to higher TPL excitation 56 

rates as observed at the MD resonance. In this regard, the MD nanoparticle enables an efficient 57 

nanoprobe to map magnetic fields at optical frequencies. As shown in Fig. S1d, the position 58 

dependent TPL excitation rate of the MD nanoparticle well retrieves the magnetic field distribution 59 

of a focused AP beam. In contrast, scanning an ED nanoparticle through the focal fields is found 60 

to map the electric field distribution, yet with much lower efficiency. 61 



 62 

    63 

Figure S1 Comparison of MPL excitation rates for silicon nanoparticles pumped at the MD and ED resonance wavelengths. (a) 64 
A schematic illustrating the electric field intensity profile of a focused AP beam, with several sites marked for the results presented  65 
in (b). (b) Simulated near-field distributions for a silicon nanosphere with a MD (upper panel, smaller particle size, 𝑟𝑟1 = 92 nm) 66 
or an ED (bottom panel, larger particle size, 𝑟𝑟2 = 122 nm) resonance matching the excitation wavelength of 720 nm. For 67 
simplification, the MD and ED nanoparticles are immersed in air in simulation. All the field distributions are rendered on the same 68 
intensity scale for direct comparison. (c) Wavelength-dependent MPL excitation rates calculated for the two silicon nanoparticles 69 
of 92 nm (solid red line) and 122 nm (solid black line) in radius (the same as (b)). Corresponding scattering spectra (dashed lines) 70 
are also presented for reference. (d) Simulated line profiles of MPL excitation rate for the two silicon nanoparticles as in (b) and 71 
(c) scanned by an AP beam. The 92 nm particle experiences resonant magnetic excitation while the 122 nm particle experiences 72 
resonant electric excitation at the pump wavelength. 73 
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2. Details about the scalar approximation taken in the main text  79 

 80 

In the main text, the formula linking the external magnetic field stimuli and the inner-particle 81 

fields (copied in below, Eq. S1) and the one used to evaluate the silicon photoluminescence (Eq. 82 

S2) both contain an integral term defined on the nanoparticle volume.  83 

𝛼𝛼𝑚𝑚𝐻𝐻��⃗ 0(𝑟𝑟) =
𝑖𝑖𝜔𝜔0(𝜖𝜖s − 𝜖𝜖0)

2
� 𝑟𝑟′���⃗ × 𝐸𝐸′����⃗ �𝑟𝑟′���⃗ �𝑑𝑑𝑑𝑑
𝑉𝑉

(𝑆𝑆1) 84 
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𝐼𝐼TPL(𝑟𝑟) ∝ � �𝐸𝐸′����⃗ �𝑟𝑟′���⃗ ��
4
𝑑𝑑𝑑𝑑

𝑉𝑉
(𝑆𝑆2) 86 

                                                         87 

When deriving the explicit form relating the single nanoparticle photoluminescence with the 88 

external magnetic stimuli, it is crucial to work out the analytical solution of these integrals. To this 89 

end, we took the following approximations: (1) the integral results are dominated by the torque-90 

shaped volume (𝑉𝑉T) near the equatorial plane (refer to the inset of Fig. S2), and (2) the circulating 91 

electric field witin the thin torque volume varies slowly in magntude and thus can be assumed to 92 

be cosntant (i.e. the scalar approaximation). In other words, the averaged electric field magnitude 93 

can reprsent this constant, defined as 〈�𝐸𝐸′����⃗ �〉 = 1
𝑉𝑉T
∫ �𝐸𝐸′����⃗ �𝑑𝑑𝑑𝑑𝑉𝑉T

. These approximations are supported 94 

by the simulated field distribution at the MD resonance (as shown in Fig. S2) and the high TPL 95 

contribtion factor of the equatorial domain 𝑉𝑉T, as defined by 96 

𝜂𝜂 =
∫ �𝐸𝐸′����⃗ �𝑟𝑟′����⃗ ��

4
𝑑𝑑𝑑𝑑𝑉𝑉T

∫ �𝐸𝐸′����⃗ �𝑟𝑟′����⃗ ��
4
𝑑𝑑𝑑𝑑𝑉𝑉

≈ 92.7% (𝑆𝑆3) 97 

Because of the azimuthally polarized electric fields in 𝑉𝑉T , the intergral in Eq. S1  can be 98 

simplified as  99 



 100 
 101 

� 𝑟𝑟′���⃗ × 𝐸𝐸′����⃗ �𝑟𝑟′���⃗ �𝑑𝑑𝑑𝑑
𝑉𝑉

= 𝑒𝑒� �𝐸𝐸′����⃗ �𝑟𝑟′���⃗ ��𝑑𝑑𝑑𝑑
𝑉𝑉

≈ 𝑒𝑒� �𝐸𝐸′����⃗ �𝑟𝑟′���⃗ ��𝑑𝑑𝑑𝑑
𝑉𝑉T

= 𝑒𝑒𝑉𝑉T〈�𝐸𝐸′����⃗ �〉 (𝑆𝑆4) 102 
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 104 

 105 

The Eq. (S1) can thus be re-written as  106 

𝛼𝛼𝑚𝑚𝐻𝐻��⃗ 0(𝑟𝑟) ≈
𝑖𝑖𝜔𝜔0(𝜖𝜖s − 𝜖𝜖0)

2
𝑉𝑉T〈�𝐸𝐸′����⃗ �〉𝑒𝑒 (𝑆𝑆5) 107 

  In the same way, we have 108 

𝐼𝐼TPL(𝑟𝑟) ∝ � �𝐸𝐸′����⃗ �𝑟𝑟′���⃗ ��
4
𝑑𝑑𝑑𝑑

𝑉𝑉
≈ 𝑉𝑉T 〈�𝐸𝐸′����⃗ �

4
〉 (𝑆𝑆6) 109 

  Since the electric field magnitudes vary slowly in 𝑉𝑉T, we can assume: 110 

  111 

〈�𝐸𝐸′����⃗ �
4
〉 ≈ 〈�𝐸𝐸′����⃗ �〉4 (𝑆𝑆7) 112 

 .                                                                                                                                                                                           113 

From the above three equations, we can formularize the photoluminescence intensity of a single 114 

silicon nanoparticle as a function of the in-site magnetic field, formulated as 115 

  116 
𝐼𝐼PL(𝑟𝑟) ∝ |𝐻𝐻0(𝑟𝑟)|4 (𝑆𝑆8) 117 

                                                                                                                         118 

This explicit expression can be validated by comparing the numerical result of Eq. S2, calculated 119 

for a single silicon nanoparticle scanning a focused light beam, and the calculated |𝐻𝐻0(𝑟𝑟)|4  profile 120 

(according to Eq. S8) of the same beam, which show good agreement as shown in Figs. 3e and 4c 121 

in the main text, confirming the rational and validity of the above approximations. 122 



                            123 

 124 

Figure S2 Simulated electric field distribution at the MD resonance wavelength (720 nm) of a silicon nanosphere 125 
(185 nm in diameter). In the simulation, the excitation field is a plane wave incident along the x direction, with the 126 
magnetic field component polarized along the z axis. 127 

 128 

3. Excitation properties of photoluminescence from silicon nanoparticles 129 

In Fig. S3a, a rapid decrease in the MPL intensity is observed when the excitation wavelength 130 

deviates from the MD resonance of a silicon nanoparticle, indicating an efficient MD  resonance 131 

enhanced photoluminescence process. For the silicon nanoparticles having a MD resonance at 132 

~720 nm, we observed a linear relationship between the MPL intensity and the excitation energy 133 

in the logarithmic coordinate (Fig. S3b), suggesting that the MPL emission originates from two-134 



photon-absorption (TPA) induced luminescence. Considering the large silicon bandgap at the Γ 135 

point (~3.4 eV), higher-order absorption induced photoluminescence may occur at longer 136 

wavelengths (beyond 720 nm). For example, three-photon absorption induced luminescence from 137 

larger silicon nanoparticles can occur when their MD modes are resonantly excited in the near-138 

infrared wavelength region (see Ref. 23 in the main text). 139 

  140 

Figure S3 (a) Measured MPL excitation (red) and scattering (black) spectra for a single spherical silicon nanoparticle 141 
with a MD resonance at ~720 nm. (b) Log-log plot of excitation energy dependent MPL intensities. The femtosecond 142 
laser excitation wavelength is 720 nm and the collection band for evaluating MPL intensities is 500-600 nm. 143 

4. Effect of the silicon nanoparticle size on field distribution mappings  144 

In our experiment, the magnetic field distributions mapped by different silicon nanoparticles 145 

(refer to Fig. 3c) in a single frame show slight differences in pattern size. This is mainly caused by 146 

the inhomogeneity in particle size. Specifically, when the pattens of individual nanoparticles 147 

mapped in the same frame are rendered on the same intensity scale (refere to the reference line in 148 

Fig. S4a), the nanoaprticles with MD resonances closer to the laser wavelenght seem to be brighter 149 

and larger than the others in the same image. Nevertheless, the normalized TPL excitation intesnity 150 

profiles of the silicon nanopartices with slight size differences show no significant devations from 151 

each other (see Fig. S4b). On the other hand, one may imagine that considerabl electric excitation 152 



could occur in silicon nanoparticles with MD resonances singificantly red-shifted from the laser 153 

wavelength. Mapping the focal fields with such nanoprobes would thus give rise to electric-dressed 154 

magnetic field distribtuion (indicated by the arrow in Fig. S4b). Fortunately, the TPL excitation 155 

rate under this condition is typically low and thus the electric effect is marginal in the overall result. 156 

 157 

Figure S4 Left panel: Simulated line profiles of particle size dependent TPL excitation rates for single silicon 158 
nanospheres scanning through the focal plane of an AP beam. The AP laser wavelength is fixed at 720 nm and the 159 
particle size varies from 170 nm to 200 nm in a step of 5 nm. Right panel: The same data as in the left panel are 160 
normalized to better visualize the negligible electric excitation contribution in the silicon nanoparticles with MD 161 
resonances significantly deviated from the laser excitation wavelength. The slight profile deviation indicated by the 162 
arrow is caused by concurrent electric excitation, which becomes significant for larger particles. For reference, the 163 
inset shows the scattering spectrum of a 200 nm diameter silicon nanosphere in air. 164 

In addition, scanned TPL images of single silicon nanoparticles can show different intensity 165 

patterns at different excitation wavelengths. For example, an air-immersed silicon nanosphere of 166 

185 nm diameter shows a MD resonance at 720 nm and an ED resonance at a shorter wavelength 167 

(~ 600 nm). When the excitation wavelength varies from 755 nm to 575 nm, the siliicon 168 

nanoparticle experiences a continuous transition from magneitc to electric excitation. This is 169 

manifested unambigously by the simulated line profiles of TPL excitation rates for the silicon 170 

nanosphere at different excitation wavelengths as shown in Fig. S5. At short wavlengths (i.e. 575 171 



nm, 605 nm, and 635 nm), each line profile displays a clear doublet shape, indicating that the 172 

nanoparticle actually maps the electric field distribution of the focused AP beam. At longer 173 

wavelenghs (i.e. at or above the MD wavelength, 725 nm and 755 nm), a singlet appears in each 174 

line profile, corresponding to the TPL mapping of the mangenic field distrbution. At intermediate 175 

wavelenghs (665 nm and 695 nm, for example), the TPL excitation rate line profiles take on a 176 

mixed electric and magnetic field character, implying the co-existence of electric and magnetic 177 

excitations. Finally, it is found that the TPL excitaiton is most efficient at the MD wavelength (i.e. 178 

at 725 nm), consistent with the analytial results shown in Fig. S1. To map exlusively the magnetic 179 

field component of light, it is thus preferred to select a silicon nanoprobe with the MD resonance 180 

at the excitation wavelength.  181 

 182 

Figure S5 Left panel: Excitation wavelength dependent TPL excitation rate profiles simulated for a silicon nanosphere 183 
scanning through the focal plane of an AP beam. The nanoparticle exhibits a MD resonance at 720 nm, and its two-184 

photon excitation rate is evaluated by the integral, ∫𝐸𝐸4𝑑𝑑𝑑𝑑, with the integration domain going over the particle volume. 185 

In the simulation, the numerical aperture for collecting TPL signals is set to be 0.95. Right panel: For clarity, the same 186 
data in the left panel are normalized and shown in an offset manner in the right panel. 187 

 188 

 189 



5. Multiphoton luminescence responses of gold nanoparticles 190 

Gold nanospheres used in this study were purschased from Nanoseedz Ltd., with a nominal 191 

diamter of ~100 nm. The dark-field scattering spectrum of such a single gold nanoparticle on 192 

silica substrate shows a prominent dipolar plasmon resoannce at ~560  nm, implying a strong  193 

interation between the particle and the electric field component of the incident light (Fig. S6a). At 194 

the femtosecond laser wavelenth 720 nm, the mode excited in the gold nanoparticle has a dipolar 195 

character. Because of the non-resoant excitation condition at this wavelength, the MPL signal of a 196 

single gold nanoparticle is relatively weak with respect to its silicon counterpart and, in our 197 

experiment, its spectral characters can be resolved only with a sensitive PMT detector. Note that 198 

the MPL spectrum of single silicon nanoparticles in Fig. 2b is recored with a cooled CCD camera 199 

that fails to detect the TPL singnal from a single gold nanospshere. 200 

      201 



Figure S6 (a) A representative scattering spectrum (solid green line) of a single ~100 nm gold nanosphere, with its 202 

dark-field optical image shown in the inset. For simplicity, in simulation the nanoparticle is embedded in air. This 203 
simplification results in a blue shift in the plasmon resonance wavelength (dashed black line) with respect to its 204 
counterpart on a silica substrate. (b) Measured MPL spectrum (black) for the gold nanosphere in (a). The pumping 205 
laser wavelength is 720 nm, corresponding to a non-resonant excitation condition for the gold nanoparticle. A rotating 206 
grating inside the monochromator together with a sensitive PMT detector is used to measure the weak spectral 207 
response, with an acquisition step of 5 nm. The red curve is a Lorentz fit to the experimental data. (c) TPL image 208 

obtained by scanning Au nanoparticles through the focal plane of a focused AP beam (copied from Fig. 3d in main 209 
text). (d) Measured scattering spectra of the Au nanoparticles marked in (c). All the Au nanoparticles exhibit nearly 210 
the same  plasmon modes at ~550 nm. 211 

Owing to the large dissipation loss, the magnetic response of a single gold nanoparticle is 212 

negligible with respect to its electric response. This is unambiguously revealed by the near-field 213 

intensity disribution of the gold nanoparticle scanning through a focused AP beam. As shown in 214 

Fig. S7, when the particle is resident at the focal site where electric field is non-vanishing, the 215 

electric field driven localized surface plasmon generates a strong near-field hot spot. When moving 216 

to the central site where electric field is vanished, the near-field intensity pattern of the nanoparticle 217 

becomes totally invisible, though the magnetic field reaches its maximial intensity at this site. 218 

                           219 



Figure S7 Electric-field intensity distribution of a gold nanosphere residing at different positions in the focal plane of 220 
a focused AP beam. The zero position (𝑥𝑥 = 0) corresponds to the focus center where electric field is vanishing. All 221 
the near-field intensity patterns are rendered on the same intensity scale. 222 

6. Mapping the intensity distributions of circulating magnetic fields 223 

In this part, we compare the field mapping results of a focused radially-polarized (RP) beam 224 

using single gold and silicon nanospheres, respectively. Fig. S8a shows that the gold nanoparticle 225 

map appears as a solid circular spot, consistent with its electric field intensity distribution in Fig. 226 

S8b. In contrast, the silicon nanoparticle map shows a doughnut-shaped pattern, agreeing well with 227 

the calculated magnetic field intensity distribution in Fig. S8d. Note that the magnetic field vector 228 

in Fig. S8d exhibits circulating orientation, confirming the polarization-insensitive character of the 229 

silicon-based magnetic field nanoprobe. 230 

 231 

Figure S8 Field intensity distributions of a focused radially-polarized beam mapped respectively by gold and silicon 232 
nanoparticles. (a) The focal intensity pattern of the beam mapped by a single gold nanoparticle (~100 nm in diameter). 233 
(b) Calculated electric field intensity distribution of the beam in the focal plane. (c) The focal intensity pattern of the 234 
beam mapped by a single silicon nanoparticle (~180 nm in diameter). The pattern is rendered on the same intensity 235 
scale as (a). (d) The magnetic field intensity distribution of the beam in the focal plane. The local magnetic field in 236 
the left panel shows an azimuthally-polarized vector character and thus represents an example field with concurrent 237 
multipole magnetic field components as shown by the decomposed field distributions (right panels). 238 



7. Spectral separation between the ED and MD resonances of silicon 239 

nanoparticles 240 

The magnetic responses of naturally occurring materials are typically limited to specific 241 

frequencies that are determined by chemical composition and crystal structure, and their magnetic 242 

transitions are often in close spectral proximity to the electric counterparts. In contrast, the MD 243 

and ED resonances of a high-index silicon nanoparticle can be flexibly tuned over a wide spectral 244 

range by simply changing the particle size (see Fig. S9a) and are well separated from each other, 245 

which significantly reduces the crosstalk effect between the two resonances. For example, the 246 

spectral separation between the ED and MD resonances of a silicon nanosphere is found to be 247 

typically > 100 nm (see Fig. S9b) and increases with the sphere diameter, largely exceeding that 248 

between the electric and magnetic transitions in rare earth ions (typically < 10 nm). Note that, to 249 

explore the weak magnetic transitions in rare earth ions, the samples are usually placed in 250 

cryogenic environment to suppress the spectrally adjacent electric transitions. 251 

  252 

Figure S9 (a) Contour plot of the scattering intensity of silicon nanospheres (in air) as functions of sphere diameter 253 
and light wavelength. (b) Spectral separation between the ED and MD resonances of silicon nanospheres as a function 254 
of sphere diameter. 255 



 256 

 257 

8. Experimental setup 258 

Far-field scattering spectra of single Si nanoparticles were measured using an inverted 259 

fluorescence microscope (Observer A1, Zeiss) equipped with a transmissive-type dark-field 260 

illuminator. An oil-immersed 100×objective (Plan-NEOFWAR, Zeiss) with tunable numerical 261 

aperture (NA, 0.7-1.3) were used to collect the scattered light of a single Si nanoparticle and then 262 

direct it to a monochromator (SR500, Andor) equipped with a cooled CCD camera (DU970N, 263 

Andor) for spectral analysis. The MPL spectrum of single Si nanoparticles was also measured on 264 

the same microscope platform, with an external Ti:sapphire femtosecond laser (Mira 900S, 265 

Coherent) as the excitation source. 266 

Based on the above MPL spectroscopy platform, the setup for mapping the magnetic field 267 

distributions of highly focused laser beams is constructed, as shown in Fig. S10. A Ti:sapphire 268 

femtosecond oscillator is employed to generate pulsed laser with a time duration of ~130 fs and 269 

a repetition rate of 76 MHz. Before entering the microscope, the laser beam is coupled to a single-270 

mode fiber with a microscopic objective (see the inset in Fig. S10). The laser from the output end 271 

is then collimated with a plano-convex lens, generating a beam with an optimized Gaussian 272 

intensity profile. A Glan prism is used to polarize the beam. An azimuthally polarized beam can 273 

be obtained by passing the linearly polarized Gaussian beam through a radial polarization 274 

converter (working wavelength 720  nm, customized from ARCoptix, Inc.). An oil immersed 275 

objective is used to focus the tailored laser beam onto the sample plane. The sample is positioned 276 

in the focal plane and mounted onto a piezo stage (P563.3CD, Phyisik Instruments) that can drive 277 

silica-supported nanoparticles moving through the focal fields. MPL signals from single 278 



nanoparticles are collected by the same objective and then separated from the excitation laser by 279 

passing through a dichroic mirror and subsequently a short-pass filter. The spectrometer system, 280 

consisting of a monochromator equipped with a CCD camera and a PMT detector, is used to 281 

spectrally resolve the TPL signals and select the wavelength band for scanning images. The TPL 282 

maps are formed by raster scanning the sample through the focused laser spot and simultaneously 283 

recording the signal intensity pixel by pixel. To avoid potential laser-induced photodamage to the 284 

particles in the scanning process, the laser power was restricted to below 1 mW and the laser 285 

dwelling time at each pixel was 0.2 sec. 286 

 287 

Figure S10 Experimental setup for mapping the magnetic field distributions of tightly focused laser beams. The main 288 
optical components include a high NA objective, dichroic mirror (DM), radial polarization converter (RPC), neutral 289 
density filter (NDF) with adjustable attenuation amplitude, short-pass filter (SPF) and several lenses (L1-L3). The 290 
beam optimization module (BOM), consisting of a single-mode fiber (SMF), a Glan prism (GP) and two lenses, is 291 
used to improve the quality of the raw Gaussian laser beam from the Ti:sapphire laser source. 292 

 293 



9. Evaluation of the substrate effects on the silicon nanoprobes 294 

For simplicity in analysis,  we illustrated the working principle of our silicon nanoprobe by 295 

considering a nanosphere suspended in air.  In experiments, however, the silicon nanosphere was 296 

supported by a silica substrate. In this section, we will evaluate the effects of a silica substrate  on 297 

the performance of the silicon nanoprobes based on numerical simulation. We first compare  the 298 

scattering spectrum of a  silicon nanosphere (with a diameter 185 nm) supported by a silica 299 

substrate with that suspended in air.  As shown in Fig. S11a and b, the introduction of  a silica 300 

substrate does not  change the resonant wavelengths of the ED and MD resonances of the Si 301 

nanosphere. However, the amplitudes of the ED and MD resonances are modified to some extent, 302 

due mainly to the interaction between the reflection induced by the substrate and the direct 303 

scattering of the nanosphere. In addition, a magnetoelectric coupling effect is observed for the Si 304 

nanosphere located on the silica substrate, as indicated by the red arrow in Fig. S11b. It implies an 305 

increased electric  response  at the MD  resonance, which has been  studied previously1,2. It was 306 

attributed to the substrate-induced interaction between the ED and MD modes. In this case, we 307 

didn’t observe protuberance or valley at the ED resonance, due mainly to the relatively low 308 

refractive index of silica (𝑛𝑛~1.5). Apparently, such magnetoelectric coupling effect induced by the 309 

substrate is not desirable for a perfect electric (magnetic) probe. 310 

 311 
Figure S11  Comparison of the scattering spectra (dashed curves) of  silicon nanoparticles (with a diameter 185 nm) 312 
suspended  in air (a) and located on a silica substrate (b). In each case, the scattering spectrum has been decomposed 313 
into the contributions of various Mie resonances (i.e., ED, MD, EQ, and MQ). For the nanoparticle on the silica 314 



substrate, the particle-substrate gap is set to be 2 nm. In the numerical simulations, a plane wave was used as the 315 
excitation source to excite the Si nanoparticles.    316 

 317 

In this work, the physical mechanism used for probing the magnetic field of light relies on the 318 

detection of the two-photon-induced luminescence from single silicon nanoparticles, rather than 319 

their scattering which was usually used in previous studies (refer to Ref. 3, 18 and 19). When the 320 

scattering of a nanoparticle was employed to probe the magnetic field of light, the existence of a 321 

substrate may significantly modify the far-field scattering properties of the nanoparticle probes 322 

through the background reflection. In our case, the TPL emitted by a Si nanoparticle was employed 323 

as the optical signal for probing the magnetic field of light. It is noticed that the electric field at the 324 

MD resonance is mainly localized inside the Si nanoparticle while that at the ED resonance is 325 

mainly distributed outside (see Fig. 1b and 1c). Such distinct field distributions  suggest that the 326 

TPL of the Si nanoparticle excited at the MD resonance comes predominantly from the MD 327 

resonance while the contribution of the ED resonance is negligible. As stated in the main text (Eq. 328 

xx), the  excitation efficiency of the TPL can be evaluated by calculating the integral ∫𝐸𝐸4𝑑𝑑𝑑𝑑 over 329 

the nanoparticle volume. In Fig. S12a, we present the calculated wavelength-dependent TPL 330 

excitation efficiency for a Si nanosphere in air.  It can be seen that the TPL excitation efficiency 331 

at the ED resonance is much lower than that at the MD resonance owing to the difference in the 332 

electric field distribution. As a result, the ED resonance is not resolved in the spectrum of ∫𝐸𝐸4𝑑𝑑𝑑𝑑 , 333 

implying its contribution of the ED resonance to the TPL is negligible. This conclusion holds true 334 

for the Si nanoparticle located on the silica substrate (see Fig. S12b), where the substrate-induced 335 

magnetoelectric coupling effect is only clearly revealed (see Fig. S11b). Therefore, we can 336 

conclude that the influence of the silica substrate on the performance of the Si nanoprobe can be 337 

neglected. To  further confirm this, we compare the field mapping results obtained without and 338 

with the silica substrate, as shown in Fig. S12c and d. It can be seen that the simulated TPL 339 

intensity profile follows exactly the calculated |𝐻𝐻|4 lineshape in both cases, indicating that a Si 340 

nanoparticle supported by a silica substrate acts as a nanoprobe for the magnetic field of light. 341 

However, other substrates with large dielectric constants, such as semiconductors and metals, may 342 

strongly interact with the Si nanoparticle and generate complicated optical resonances which  may 343 

deteriorate the performance or even disable the magnetic field nanoprobe. In addition, the presence 344 

of the substrate can modify the emission properties of the Si nanoparticles.  345 



     346 

 347 
Figure S12  (a, b) Comparison of the TPL excitation efficiency spectra of single Si nanoparticles in air (a) and on 348 
glass substrate (b). The corresponding scattering spectra are also provided for reference. Note the pronounced ED 349 
resonance in the scattering spectra are  vanished in the TPL excitation efficiency spectra, due mainly to the poor spatial 350 
overlapping of induced electric near-fields and the nanoparticle volume. (c, d) Comparison of the TPL mapping results 351 
of a focused AP beam using a Si nanoparticle probe in air (c) and on glass substrate (d). The geometry parameters of 352 
the nanoprobe construct  are identical to that used in Fig. S11. Note the presence of the glass substrate slightly expands 353 
the intensity profile of the focused beam, compared to that in air.  354 

 355 
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